Patent Application of 
Daniel Alroy 
for 



Concepts and methods for identifying brain correlates of elementary mental states 



Cross-reference to related applications: Not applicable. 



BACKGROUND - Field of invention 

The invention combines a conceptual discovery that the qualitative nature of elementary 
mental states is primarily determined by constitutively e>q>ressed locus-specific proteins 
in the brain, with means for their identification and modulation. 



PART I. Background - Description of prior art 
A. Some fundamental conceptual issues 

Al The search for neural correlates of mental states. Mental states, though private^ may 
be investigated through their physical manifestations in the brain. Hence the current 
search for identifying brain correlates of mental states (Chalmers 2001). However, the 
computer model of the brain implies that no mental state can have a unique brain 
correlate. To date, none have been found. It turns out that the implication of the 
computer model is empirically false, and that the technique necessary for identifying 
the brain correlates have been available for over a decade. The following briefly 
reviews basic conceptions that underlie present-day views about the relation of the 
mind to the brain. 

A2 The central tenet underlying present-day notions about the nature of the mind. The 
great majority of neuroscientists take it for granted that sensations are received in the 
central nervous system (CNS) from the peripheral nervous system (PNS). This 
assumption is a manifestation of the tabula rasa doctrine that was introduced by John 
Locke (1775/1975). It denies that mental states are innate, or evoked in the CNS (Fig. 
lA). Locke followed Democritus, Galileo, and Newton in partitioning what is 
perceived into properties such as size and shape, which were attributed to the external 
world, and properties such as sound and color, which were deemed to be subjective. 
This made Locke's version of the tabula rasa doctrine duaUstic. 

A3 Physicalism. 

A3.1 Physicalism is a n on-dualistic version of the tabula rasa doctrine . PhysicaHsm 
removes the duaUstic element of the tabula rasa doctrine by considering properties 
such as sound and color to be properties of the external world, and thus objective. 
Neuroscientists who subscribe to PhysicaHsm take sound, for example, to be a 
property of air vibration (Keliey 1991). Similarly, color is taken to be a property of 
electromagnetic radiation (Fig. IB). 
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A3 ,2 Physicalism denies that the mind makes a difference . Physicalism goes beyond the 
tabula rasa doctrine in asserting that the mind is causally inert. In a characteristic 
doctrinaire mode, it has removed the issue from the empirical domain. Consider pain. 
It is generally agreed that pain has survival value. Physicalism considers it to be either 
physical (e. g. activation of C-fibers in the PNS), or else a causally inert automatic by- 
product of brain function. Neither alternative is tenable. Far from being an automatic 
by-product of brain function, pain is an end-point of mechanisms that modulate it. 
Pain is innate, evoked in the CNS, and therefore mental 

A3. 3 The twentieth century . At the beginning of the last century psychology was the 
science of the mind. But then Physicalistic philosophers argued that because the mind 
is neither publicly observable, nor does it make a difference to what is observable, 
Occam's razor requires that the mind be removed from science. As a result. 
Psychology ceased to be the science of the mind, and became, instead (for a period of 
time) the science of behavior. The study of subjects such as the emotions came to a 
virtual halt. The acceptance of the currently held theory of color (Hering's double- 
opponent theory) was delayed by several decades, because the psychophysical 
methods used relied on responses to subjective experience. Neuroscientists, too, have 
shunned the study of the mind as philosophically incorrect 

A3, 4 The last decade . During the last decade there was an abrupt change of attitude toward 
the possibility and desirability of the empirical study of the mind. The fact that 
Francis Crick made a transition from molecular biology to the study of (visual) 
consciousness has contributed to the change in mood. However, this mood change has 
left the entrenched conceptions untouched: Physicalism has remained the dominant 
doctrine — its dominance reflected by the proposal, in Principles of Neural Science, 
that Physicalism is the conceptual framework for the study of the mind in the new 
century (Schwartz 2000). 

A4 Cognitive Science - combining Physicalism with the computer model of the brain, 
A4.1 The intercellular view of neural frmction and Long-term potentiation (LTP) . During 
the 1940s there were several proposals to account for neural frmction in terms of 
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intercellular fectors of interconnectivity and interaction (Hebb 1949). These proposals 
considered intracellular factors as mainly providing metabolic infrastructure for 
intercellular information processing in terms of action potentials. The intercellular 
orientation received an initial support from its account of activity-dependent long-term 
potentiation (LTP). The intercellular account, however, does not elucidate the 
mechanism involved. Nor does it account for emotion-based LTP. Intracellular 
factors account for both types of LTP (Abel et al 1998, Cahill and McGaugh 1998), 
and elucidate the molecular mechanisms involved. 

A4.2 Is the out put of a neuron computable from its inputs? Warren McCuUoch and Walter 
Pitts (1943) proposed that two input neurom impinging on an output neuron can 
realize the AND, OR, and NOT ftmctions, and made an analogy with similar basic 
digital circuits. The output of a neuron, or basic neural net, is computable from its 
inputs, assuming that neural input and output is limited to neural impulses, and 
assuming that intracellular factors do not affect that output. It is now known that both 
assumptions are empirically false. But at that time, the proposal gave impetus to the 
computer model of the brain, which erroneously implies that no neural function can be 
uniquely identified with a brain locus. 

A4.3 The computer model of the brain . The basic tenet of Cognitive Science is that the 
brain is a computer (Smolensky 1994). The same program can be executed on 
computers with different hardware design. In this sense, the program is hardware- 
independent. Similarly, the view that the brain ftmctions like a computer implies that 
the same neural fimction can be realized in brains with different anatomies. In this 
sense, neural function is anatomy-independent. Mental states are determined by neural 
ftmction. If neural function is anatomy-independent, then so are mental states. Thus, 
the computer model of the brain leads to the conclusion that no mental state has 
unique neuroanatomic correlates. Cognitive Science is a Physicalistic doctrine. As 
such it denies that mental states can affect the brain. In conclusion, for Cognitive 
Science, neither the mind nor the brain matters: The first, because it makes no 
difference — the last because it can be different. 
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B. Prior art» Some relevant empirical work 

Bl Molecular biology, color, smell, and pain. The genes and the amino acid sequence of 
several sensory receptors have been identified (Nathans et al. 1986, Buck and Axel 
1991). But in a telling contrast, there is no clear agreement as to the cortical areas 
where color, or smell, is evoked. The application of molecular biology to the 
management of pain (Borsook 2000) reflects the same epistemo logical legacy. Pain is 
thought to be imported into the CNS from the PNS, and then be the result of a network 
effect. 

B2 Correlation of cortical columns in two visual areas with sensory responses. An area 
in the anterior inferotemporal cortex was discovered, consisting of some 2,000 
columns spaced 0.4mm apart. The shift in the direct stimulus from one column to the 
next correlates with a just-noticeable difference (JND) response to basic visual forms 
(Fujita et al. 1992). In the middle temporal (MT) visual area, also known as V5, are 
eight types of columns spaced about 03mm apart, where each column in a row 
represents a 45*^ shift in direction of perceived movement. Direct electrical 
stimulation of a column type elicits in the monkey the response correlated with the 
corresponding external stimulus (Britten et al. 1992, Salzman et al. 1992). Inhibition 
and impairment of V5 affect response to visual motion stimuli (Newsome and Pare 
1988, Beckers and Zeki 1995). These findings point to the correlation of subjective 
sensation with the fimction of these cortical columns. However, this conclusion is 
rejected because it is inconsistent with the conputational, or information-processing, 
interpretation of neural function (Held 1994, Newsome 1997). 

B3 Some unresolved empirical issues. Apart from the epistemological issues, there are 
the following, more specific, unresolved issues. Present-day knowledge does not 
account for the differences in function among direction-orientation columns in V5; or 
among colimms of basic visxial forms in the inferotemporal cortex; or among columns 
in these two areas. More generally, there is no explanation of the difference in 
fimction of columns among different modality-specific areas, such as tonotopic maps 
in the auditory cortex, and color-specific areas in the visual cortex. This problem 
extends to mental states such as basic fear, himger, and thirst. This issue is made more 
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complex by plasticity - the process whereby brain loci change structure and ftinction 
outside, or beyond, normal development. 

B4 The delayed application of molecular biology to the study of neural function 
Molecular biology has transformed the study of the evolution and the development of 
the nervous system, but not the study of neural function. A similar situation occurred 
in regards to the view that the body consists of cells, introduced Theodor Schwann 
(1839). The acceptance of that view, except for the nervous system, was immediate 
(Finger 1994). Now, again, there is acceptance of the principle impUcit in molecular 
biology that the causal locus of intercellular fimction is intracellular, except for nerve 
cells. Neural ftinction determines mental states. The delayed application of the general 
concepts implicit in molecular biology to neural ftmction explains, in part, why 
molecular biology has been virtually absent from the current efforts to identify the 
neural correlates of consciousness (NCC). 

PART n. THE CONCEPTUAL FRAMEWORK 
C» An overview 

CI Molecular psychophysics. The contribution of molecular biology to the study of the 
mind has been indirect. At present there is no discipline of science that systematically 
correlates simple sensations and other elementary mental states with molecular 
constitution of activated brain loci. The conceptual framework combines the fact that 
elementary mental states are innate with a principle implicit in molecular biology that 
the causal locus of intercellular function is intracellular, thus defining a new 
discipline, which may be called molecular psychophysics. 

C2 Some basic notions. The three basic notions of the conceptual framework that are 
directly relevant to the present subject are introduced below. Other aspects are briefly 
reviewed in Appendix A. 
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C2.1 The senses and sensations . The information the brain receives from sensory receptors 
is devoid of sensory qualities. Sensory qualities are innate, evoked in the brain, and are 
thus mental. Sweetness, for example, is not a property of sugar, nor does sweet taste 
originate in taste receptors. Instead, that sensation is innate, and is evoked in the brain. 
The same applies to the middle C pitch, the color red, or the sensation of pain. 

C2.2 Elementary mental states - an initial characterization . A tune is a one-dimensional 
pattern of pitch elements, and an image is a two-dimensional pattern of picture 
elements. Any pitch, by itself, is devoid of pattern, and does not have any smaller 
constituents - it is an elementary mental state. This, and all other elementary mental 
states have the attributes of intensity and duration. 

C2.3 The causal locus of intercellular function is intracellular . Molecular biology has 
demonstrated that the causal locus of cellular fimction is intracellular. This 
intracellular causal locus applies to nerve cells as to any other cell type. The structure 
and fimction of a neuron is primarily determined by its constitutively e?q)ressed cell- 
specific proteins (CELS), 

C3 The neural correlates of elementary mental states. Neural function determines mental 
states. LocaUzed neural function is the primary determinant of elementary mental 
states. The CELS that determine local neural fimction also determine the qualitative 
nature of the evoked elementary mental state. 

C4 Correlation criterion. CELS are the correlate of a given elementary mental state if 
their iaactivation selectively impairs or abolishes the otherwise normal behavioral 
response to the external stimulus that ehcits that mental state. Thus, CELS in the 
gustatory cortex are the correlates of sweet taste if their inactivation impairs or 
abohshes the behavioral response to sugar, but not the behavioral responses to 
substances normally taken to be salty, sour, or bitter. 
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C5 The construction of a database of the neural correlates of elementary mental states. 
The systematic identification of CELS protein correlates of elementary mental states 
would culminate in a database of such correlates, which is a subset of all CELS 
proteins in the brain. 

D. Elementary mental states 

Dl Elementary mental states have no smaller internal constituents. 

Dl.l Taste . Elementary mental states are innate, evoked in the brain, and other than 
intensity and duration, have no internal constituents. The taste sensations of sweet, 
salty, sour, and bitter are innate. Their innateness is reflected by the fact that infants, 
without any prior e^erience, like sweet and dislike bitter. 

DL2 Taste and affect . Innate taste preferences are separate components from the taste 
itself, and are often subject to age, sex, and cultural differences. The affective 
component of sweet taste, for example, can be blocked by endorphin receptors 
antagonists, such as naloxone, in the nucleus accumbens. 

DL3 The spatial component in vision, touch and pain . The spatial component of simple 
sensation, such as a light touch or a painful stimulus, on the surface of the body is a 
separate conq)onent from the sensory element itself Similarly, a simple visual 
stimulus is separable from its location in the visual field, 

D2 Exteroreceptors and interoreceptors. Exteroreceptors such as the eyes and ears 
provide information about the world outside. In primates, the last stages of processing 
exteroreceptor information involving vision, hearing, touch, taste, and smell, take 
place in modality-specific areas of the cerebral cortex. Interoreceptors provide 
information about the conditions within the body such as the water and glucose levels 
in the blood, which typically give rise to sensations of hunger and thirst respectively. 
The cerebral cortex also provides top-down regulation for interoreceptor-related 
elementary mental states such as hunger, thirst, fear, or pleasure. But the loci specific 
to them are subcortical. Consider himger, in contrast to taste. It provides information 
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about the glucose level in the blood - which is an internal state of the body. Hunger 
does not have a modality- specific area in the cerebral cortex. The same applies to 
thirst and to basic emotions, such as innate fear, hi order to simplify the presentation, 
the focus will be on sensations that are represented by modality- specific cortical areas. 

D3 Three levels of organization. Red, green, yellow, and blue are sensory elements in the 
submodality of color, in the sensory modality of vision. This reflects three levels of 
organization, where each basic color is the first level; the submodality is the second 
level; and the sensory modality is the third level of unimodal organization. The focus 
of this presentation is on sensory elements and submodalities, rather than on sensory 
modalities and perception. The table below illustrates the three levels or organization 
for basic colors and tastes. 



Oi^anization level 
Modality: 
Submodality: 
Elements: 



Examples 



Vision 

Color 

White /black 
red / green 
blue /yellow 



Taste 

Basic taste 
Sweet, salty, 
sour, bitter, 
andumami. 



D4 Elementary mental states contrasted with unimodal perception. A picture involves a 
spatial pattern of visual elements. A tune consists of a temporal pattern of elements of 
pitch. The integration of submodalities within a sensory modality is a unimodal 
percept. Imagme seeing a red ball thrown toward you. That unimodal percept 
integrates submodalities related to the redness and roundness of the ball with those 
relating to depth and movement. This presentation does not directly address this third 
level of organization, and focuses instead on sensory elements and their submodalities. 
Sensory elements, for example, typically are devoid of pattern information. 
Elementary mental states are innate, evoked in the CNS and, other than intensity and 
duration, have no more basic constituents. 
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D5 An experimental proof that sensations are innate and evoked in the CNS. 

D5.1 Afferent neurons convey information devoid of sensory qiiality . Neurons convey to 
the brain information from the different sensory receptors by means of frequency 
modulation of action potentials. The propagation velocity of an action potential is 
substantially fixed for a given neuron, and the strength of the impulses is also 
substantially constant. Such frequency modulation can transmit information, but not 
sensation. Consequently^ the qualitative nature of sensory information is determined 
by its brain targets (Sperry 1952), This explains the fact that persons bom without a 
limb typically experience pain and other sensations in the absent limb (Melzak 1991). 
By way of analogy, consider the Internet. Information received over the Internet that 
is directed to the speakers produces sound, and information directed to the visual 
display produces color and Ught. Yet, there is nothing qualitatively sound-like, or 
color-like, about received bit-patterns. It is the target device that determines the 
qualitative nature, or the sensory modality, of the output, 

D5.2 Intrinsic local properties . If a particular sensation is not received from the PNS, then it 
could be elicited by the direct (electrical, magnetic, or chemical) stimulus of a 
modality-specific cortical area. A direct stimulus contrasts with input from the senses 
in being devoid of pattern information typically received from external stimuli. The 
direct stimulus is also devoid of the normal traasformation of the input prior to 
reaching the modality-specific cortical area: It is information-poor. Moreover, the 
same type of stimulus that evokes the sensation of soxmd in the auditory cortex would 
evoke the sensation of touch in the somatosensory cortex. The direct stimulus does 
not contribute to the qualitative nature of the response. In conclusion, the evoked 
neural function is an intrinsic property of stimulated loci. 

D5.3 Stimulating the auditory nerve of children bom non-cortically deaf produces sound . 
Consider sound. It the sensation of sound is received from the ears, then the direct 
stimulation that bypasses the sensory receptors in children bom non-cortically could 
not, and would not, evoke sensations of sound. Yet, it does. Such stimulation does 
not require the presence of air vibration, and bypasses the auditory receptors. This 
fact demonstrates that soimd is neither a physical property of air vibration, nor a 
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sensation originating in the ears. This fact underlies the successfiil use of cochlear 
implants in children bom non-cortically deaf (Waltzman et al. 1992, Miyamoto et al, 
1993), It also constitutes a conclusive disconfirmation of the tabula rasa assumption, 
and its Physicalistic variant. 

D5.4 Cortical prostheses . William Dobelle proposed auditory (1973) and visual (1974) 
prostheses, that bypass the auditory nerve and optic nerve respectively. Such 
prostheses have been developed, demonstratiag that the sensation of sound, color, and 
light are evoked in the CNS, and not received from the PNS. 

E. Submodality-specific areas of the cerebral cortex 

El Modality-specific areas of the cerebral cortex. Each sensory modality is processed 
in a separate, spatially contiguous cortical area. For example, modality- specific 
thalamic nuclei for olfaction project their primary output to the orbitofrontal cortex, 
making that cortical area modality-specific for olfaction. The initial target for the 
thalamic projection is the primary modality-specific cortical area. The modality- 
specific information from the thalamus relates to different submodalities. Each 
submodahty is then processed in distinct secondary areas within each modality- 
specific cortical area. The output of this unimodal information is then projected to 
association areas, which are not modaUty- specific (Fig, 2A). 

E2 Primary and secondary areas in the somatosensory cortex. Conventionally, 
Brodmann areas (BAs) 3a, 3b, 1, and 2 are collectively called the primary 
somatosensory cortex. Primary sensory cortex is one that receives its primary input 
from the corresponding modality-specific thalamic nuclei. By this criterion BA3a and 
BA3b are primary sensory cortical area, while BAl and BA2 are secondary sensory 
cortical areas. More precisely, BAl receives its main input from BA3b, and is 
submodality-specific for hght touch (input from rapidly adapting mechanoreceptors). 
BA2 integrates input from BA3b about pressure (from slowly adapting 
mechanoreceptors with information about Ught touch from BAl (Fig. 2B). 
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E3 Columns in submodality-specific cortical areas. The column is a unit of elementary 
ftinction in the cerebral cortex. The colimin also has been identified as a unit of 
subjective sensation in several submodality-specific cortical areas. In the visual cortex, 
these areas include columns in V5 for the sensation of direction of movement, 
columns in the anterior inferotemporal cortex for basic visual forms. In the 
somatosensory cortex, the direct electrical stimulation of BAl in normal awake human 
subjects produce the sensation of light touch in the correspondmg part of the body 
surface (Penfield 1950). Mountcastle (1957) demonstrated its columnar organization 
of the somatosensory cortex. Favorov and Whitsel (1988) demonstrated the correlation 
of direct stimulation of columns in BAl with behavioral responses. 

E4 Spatial contiguity. The cortical colunm is a spatially contiguous cluster of neurons. A 
submodaUty-specific cortical area is a spatially contiguous area within a modality- 
specific area. A modality-specific area is a spatially contiguous area in the cortical 
sheet. 

F. Correlating different levels of response to an external stimulus 

Fl Four levels of response to an external stimulus. Consider different aspects of the 
response of an aw^e, normal human subject to an external stimulus, such as air 
vibration produced by striking the middle C key in a piano: 

1 . The person may exhibit a behavioral response, such as point to the piano key. 

2. Some brain loci, including the auditory cortex, would be transiently activated. 

3. Some auditory cortex neurons would manifest inter- and intracellular activation 

4. The person would e?q)erience the auditory sensation of the middle C pitch. 

Psychophysics provides methods to correlate the externally observable behavioral 
response with simple subjective sensations. Neuroscience provides methods to 
correlate that behavioral response with transient activation of some brain loci. 
Molecular psychophysics provides the conceptual framework for correlating the 
behavioral response with molecular constituents of the activated brain loci. 
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F2 Correlating behavioral response to stimuli with subjective states, 
F2.1 The observable correlates of unobservable subjective states . Given a stimulus, such as 
taste of sugar or salt, for example, the normal, awake person would experience the 
sensation of sweetness or saltiness, respectively. These taste sensations subjective 
states: They are not observable by others. This intrinsic non-observability by others is 
the defining characteristic of the mental. The same stimuli that elicit the subjective 
states can also elicit behavioral response that is observable. Correlating subjective 
states with behavioral responses makes them indirectly observable. 

F2.2 The response to just noticeable diflFerence . Consider the sensation of soimd. Like all 
elementary mental states, the sensation of sound has the dimension of intensity and 
duration. Assume that a scientist with normal hearing acts as the subject to a 
psychophysical experiment with sound. Keeping the amplitude, or loudness constant, 
the frequency of air vibration is gradually increased from one cycle per second up, the 
scientist will be able to discriminate some 3,075 distinct sounds in the range of 20- 
20,000Hz (Stevens 1975/1986). Unlike the gradual change in frequency, the change in 
subjective e^erience consists of a step-fimctioa Such a discrete transition is called 
just noticeable difference (JND). In the case of sound, the JND is called pitch. As the 
term indicates, JND is the smallest increment of subjective experience. Since it is not 
publicly observable, the behavioral response to it is a ftmdamental unit of 
psychophysics. The mapping produced by the scientist as a subject is then the basis for 
testing the JND responses of others. 

F3 Correlating behavioral responses with preferentially activated brain loci 

External and direct, stimulation of colxmms in BAL In response to external stimuli, 
some brain loci would be preferentially activated in addition to the subjective states 
and the behavioral response. Such activation involves increased metabolism of glucose 
and oxygen, and increased evoked potential activity. Consider the sensation of light 
touch. An external stimulus of light touch on any part on the surface of the body 
produces preferential activation of columns in BAl. Conversely, the direct electrical 
(or other) stnnulus of any column in BAl in an awake, normal person, elicits the 
sensation of light touch in the corresponding part of the body surface. 
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F3.2 The deactivatioa of columns in BAl selectively abolish behavioral response. The 
inactivation of any part of BAl causes a loss of sensation of light touch in the 
corresponding part of the body surface, without affecting the response to other 
submodalities of the somatosensory cortex. For example, the deactivation of BA2 does 
not affect the sensation of light touch. 



F4 Brain loci related to the three levels of organization. The initial two variables that 
need to be correlated are behavioral response R (the JND response), and the brain 
locus preferentially activated by the external stimulus, L. These two variables can be 
addressed at each of the three levels of organization as follows: 



Sensory modality Submodality Submodality element 
Behaviora] response R'' R' R 

Brain loci L" L' L 



F4.1 Partial interdependence of submodaUty elements . Columns within a submodality- 
specific cortical area are intercoimected. For each column in V5, for example, there is 
a column ia an adjacent row representing the opposite direction (Albright 1995). The 
interconnection and interaction between such opposing columns is manifested by 
opposite after-image (Tootel et al 1995), Such interconnection and interaction does not 
obUterate the preferential columnar activation ia response to an external or to a direct 
stimulus. Similarly, the effect of iaactivating a submodality- specijBc cortical column 
would selectively impair or aboUsh the corresponding behavioral response. 



F4.2 Relative independence of submodality-specijHc areas in the visual cortex . A person 
can be blind without being deaf, or be deaf without being blind, because sensory 
modalities are relatively independent. The same appUes to submodalities. Some 
persons who suffer lesions due to stroke in V5 become blind to movement. This effect 
can be reversibly induced by inhibiting the function of V5 by means such as 
transcranial magnetic stimulation (TMS) (Becker and Zeki 1995). Such submodality- 
related dysflmction leaves other submodalities of vision, such as form and color, 
unaffected. Similarly, some persons become color-blind due to lesions in the visual 
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cortex (central achromatopsia), leave intact other aspects of vision. More generally, 
inactivating (the terms inactivation and deactivation are used inter-changeably) brain 
loci V impairs or abolishes behavioral response R' . 



F4.3 Submodality-specific areas with a single submodality element . The same sensation of 
light touch may be evoked by stimulating different points on the body surfece. BAl, 
which maps the body for the sensation of light touch, is, therefore, a submodality- 
specific area with a single sensory element. 

F5 Symbolic formulation. For each of the three levels of organization, the relation 
between the inactivation of a brain locus, and the consequent abolition of behavioral 
response is stated below, where LA designates inactivation, and Ri designates 
abolished behavioral response in the presence of an external stimulus. 



Submodality element Submodality Sensory modality 

(e.g. red) (e.g, color) (e.g. vision) 

L L' L" 

Inactivation U zd Rl Ui 3 RU V'i 3 R"A 



F6 A criterion for identifying L in terms of the selective effects of its deactivation. Any 
neural fimction that can be selectively abolished by the deactivation of a brain locus is 
localizable. Similarly, the neural correlate of an elementary mental state is localizable 
if it can be selectively abolished by the deactivation of a brain locus* If j and k are 
different sensory elements of the same submodality, then JND response correlates 
with differential columnar activation in the secondly modality-specific area that 
mediates the behavioral response. Thus, the inactivation brain locus Lj abolishes 
behavioral response Rj, but not behavioral response Rk. The following illustrates how 
the identification criterion is involved in determining whether a brain locus is, or is 
not, related to the elementary mental states of innate fern* and pain. 
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F7 Applying the identification criterion to fear and pain. 

F7.1 Ts the neural correlate of fear localizable ? Elementary mental states, such as htmger 
and thirst, which relate to interoreceptors and subcortical loci, are subject to top-down 
cortical control This fact is commonly taken to imply either that the cortex is 
necessary for these mental states, or that these mental states are not localizable. The 
correlation criterion provides a method of addressing this issue. 

F7.2 Pain . The application of a painful stimulus to the surfece of the body causes activation 
of several brain loci, including the somatosensory cortex. However, the direct 
stimulation of the somatosensory cortex does not eUcit pain response, and its 
deactivation does not aboUsh the pain response. For this reason pain is not a 
Q submodality of the somatosensory cortex. Pain, like any innate capability, has 

* molecular correlates. Their deactivation would selectively aboUsh the pain response. 

H The same reasoning applies to other elementary mental states, such as hunger and 

[11 thirst, and their relation to subcorticdbci (hypothalamic nuclei). 

^™ 

% G. The causal locus of neural function is intracellular and structure-dependent 

^ Gl Intracellular factors affect the output of the neuron. The conqsuter model severs the 
|j function of the brain and its mental states from the anatomy of the bram. It is based on 

the assumption that intracellular factors do not affect the output of neurons. This 
assumption is empirically false. The output of different types of photoreceptors to the 
same photon input is determined by cell-type specific opsin protein. Moreover, 
intracellular factors produce a variable output. Consider the typical, basic sleep cycle 
of 24 hours and 12 minutes. It is produced by neurons in the suprachiasmatic nucleus 
of the anterior hypothalamus. But while that cycle is affected by melatonin and other 
intercellular signal molecules, the basic output of these neurons is produced by 
intracellular mechanisms, which involves proteins such as Timeless and Period 
(Sehgal, et al. 1995). Some may consider the fimction of these neurons to be 
computational. In that event, it ought to be noted that the computer model of the brain 
is inconsistent with such intracellular, structure-dependent computation. 
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G2 A cell is affected by proximate, but not distal causes. In the causal chain of events 
affecting a cell, the last, or proximate, cause is necessary, and the non-proximate, or 
distal causes, are contingent. Different non-proximate events can bring about the same 
proximate effect. Action potentials in presynaptic neurons, for example, are non- 
proximate events, and thus contingent. In their absence, the binding of 
neurotransmitters to the postsynaptic neuron v^ould produce the same effect. 
Moreover, the same neurotransmitter produces different effects in different receptor 
subtypes. For this reason, neurotransmitters are distal causes. 

G3 The structure of molecules determines their function. Key cellular events occur in the 
range of 3-4A (Lowensten 1999). The study of the three-dimensional structure of 
molecules in that scale is the basis of supramolecular chemistry and structural biology. 
The amino acid sequence of a protein, or its primary structure, typically determines its 
three-dimensional (average) structure, which in turn, is the primary determinant of its 
function. The binding of two con^lementary strands of DNA exemplifies the fact that 
a unique structure often confers on a molecule a unique function. This tight coupling 
of structure and function is also reflected by evolutionary convergence to the same 
twenty amino acids, the near universal nucleic acid code for these amino acids, and the 
imique fimction of metaloproteins. Neurons are cells. Therefore, nexjral function is 
structure-dependent and can be, and often is, unique. 

Cell differentiation and protein specificity 

HI Cell differentiation. During the development of a multicellular organism, successive 
stages of selective gene expression tramform an embryonic stem cell into a mature 
differentiated cell. Each stage of selective gene expression results in a corresponding 
change in the protein specificity of the ceU. It is this specificity that accounts for the 
differences in both the structure and the function of skin, muscle, and bone and nerve 
cells. Organs of the body, such as bones, muscles, and skin, are spatially contiguous. 
During the course of life, the size and shape of these organs change, but their 
contiguity and topology remain unchanged. The observed spatial contiguity is a 
manifestation of tissue-specific and cell-specific protein commonalities. 
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H2 Logical tree of cell fate. Cell-fate lineage may be viewed in terms of its location on a 
logical tree, with the embryonic stem cell as the trunk, and each cell-type occupying 
an end-point branch. The branching sequence producing any end-point position is 
unique. 

H3 Viewing the logic tree from an end-point branch, A cell type has protein types that set 
it apart from other cell types. Subtypes of that cell type have, in addition, protein types 
that set each apart from the other cell subtypes. If P designates protein specific to a 
given cell type, P' designates proteins common to subtype of the cell type, and P^ 
designates all other protein types, then the protein specificity Q of a cell subtype is Q 
= P + P' + P^. Smell receptors and photoreceptors, for example, are each 
characterized by a unique protein. 

H4 Information implicit in any end-point branch of the logic tree. Any end point 
determines: 

1. The cell type 

2. Cell fate lineage 

3. The proteins specific to that cell type 

4. The cell' s phenotype 

5. The fimction of that cell type 

6. The location of that cell type in the organism. 

H5 Constitutively expressed cell-specific proteins of photoreceptors in humans. Humans 
have three types of wavelength-specific cone receptors, and one type of rod receptors, 
which is not wavelength-specific. Each photoreceptor type is characterized by a 
unique opsin protein; the cone receptors have some proteins in common; and the entire 
photoreceptor class has a number of proteins in common. The unique protein of each 
photoreceptor type, protein common to cone photoreceptors, and those common with 
rod receptors as well may be characterized as follows: 
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Opsin proteins Proteins common to Proteins common to 

unique to each receptor cone photoreceptors all photoreceptors 

H6 Temporal branching and hierarchical spatial contiguity. 

H6.1 Temporal fa -anchinp an d nesting of contiguous areas . The temporal sequence of 
differentiation stages typically results in a spatial outside-in direction. Differentiation 
of cortical areas begins in the third trimester with signals from the thalamus, then by 
local signals, and finally fine-tuned by input from sensory receptors via the thalamus. 
Modality-specific cortical areas specialize first, submodality-specific areas specialize 
next, and cortical columns in submodality-specific areas specialize last. This results in 
the nesting of contiguous expression zones. As for example, V5 is a spatially 
contiguous area within the visual cortex. The visual cortex differentiates first; visual 
area V5 subsequently; and columns in V5 differentiate last. 

H6.3 Hierarchical spatial cont i guity of in the nervous system. PNS ganglia and CNS nuclei 
exemplify spatial contiguity in the nervous system. This contiguity is hierarchical. In 
sensory areas m the cerebral cortex, for example, the column is a cluster of contiguous 
neurons, in a spatially contiguous submodality-specific area, within a spatially 
contiguous modality-specific area. These spatial contiguities are phenotypical 
manifestations of gene expression zones. 

H7 Plasticity is mediated by gene expression. The response of the cell to internal and 
external cues consists of selections from the finite and discrete genome's menu (Jeme 
1967). The conceptual framework extends Jeme's insight to plasticity. Persistent 
stimuli induce plasticity (Recanzone et al. 1993). The plasticity response is maxunal 
durmg the postnatal critical period (Wiesel and Hubel 1965). This period is about two 
years in humans and about a month in the mice. Therefore persistent stimuli during the 
postnatal critical period selectively amplify the mRNA transcription of the correlated 
behavioral response. 
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J, The relation of CELS proteins P, brain loci L, and behavioral responses R 

Jl Rank-ordered dependent function and dysfunction of CELS proteins. The function of 
CELS protein P is necessary for the function of brain locus L; the function of brain 
locus L is necessary for behavioral response R. Therefore, the function of P is 
necessary for behavioral response Hence, the inactivation of P abolishes the 
function of brain locus L; the inactivation of L abolishes behavioral response R, For 
this reason, the inactivation of P abolishes behavioral response R. Thus R, the JND 
response to external stimulus, signifies the preferential activation of brain locus L, and 
its L-specific proteins P. This relation also applies to the second level of organization, 
between submodality-specific cortical areas L\ behavioral responses R', and CELS 
proteins P\ 



J2 Rank-ordered dysfunction of photoreceptors. The function, or dysfunction, of CELS 
proteins is rank-dependent. Consider photoreceptors again. A dysfijnction in the opsin 
protein for a long-wave cone photoreceptor causes the behavioral response of red- 
blindness, but it leaves unaffected the behavioral response to the medium- and short- 
wavelength cone photoreceptors (Nathans et al. 1986). A dysfunction of protein 
common to cone receptors causes the behavioral response of achromatopsia, or total 
colorblindness (Kohl et al. 1998), but leaves unaffected black and white rod vision. A 
dysfunction of a protein common to all photoreceptor types (including rods) affects 
general vision, causing several types of Retinitis Pigmentosa (Maulik and Patel 1997). 
The rank-dependent dysfunction is symbolically represented as follows: 



Submodality element Submodality Sensory modality 

Long wave opsin protein Cone-specific protein Photoreceptor-specific 
Colorblindness to red Achromatopsia Retinitis Pigmentosa 



J4 Cell-specific proteins and housekeeping proteins. Housekeeping proteins are present 
in virtually all cell types. The ubiquity of their function makes them critical for 
survival. There exist some redundancy in then* fimction, which provides something of 
a feil-soft capability. In contrast, cell-specific proteins, ^s those characterizing 
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photoreceptors and smell receptors are unique. Their dysfunction abolishes the related 
neural fimction. In these sensory receptors, proteins of the next level of organization 
act in concert. The convention distinction between monogenic and polygenic is 
inadequate for cell-specific proteins. A dysfunction in any of these proteins would 
impair or abolish the related neural function. 

J5 Situations where a submodality class has a single member. In cases where a 
submodality, such as light touch, or the visual sensation of a point of light in the visual 
field under scotopic conditions, then the submodality class has just a single member, 
andP'=P. 

J6 Definition of P by selective inactivation. If Pj is a CELS protein of Lj, and Pk is a 
CELS protein of locus Lk, then the inactivation of Pj would impair or abolish 
behavioral response Rj, but not Rk response. The locus of P also defines L. Hence, 
the selective abolition of behavioral response R by the deactivation of P confirms 
locus L. 

K. Constitutively expressed cell-specific, and locus-specific, proteins in the brain. 

Kl The Kl database. The identification and compilation of CNS CELS proteins that 
correlate with elementary mental states would constitute the Kl database. Such a 
database is a subset of the constitutively expressed cell-specific proteins in the brain. 

K2 The K2 database. The identification and compilation of cell-types in terms of their 
cell-fate lineage would constitute the K2 database of the constitutively expressed cell- 
specific proteins in the brain. The K2 database is a subset the constitutively expressed 
cell-specific proteins in the body. 
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L. A numbering system for cell types and for elementary mental states 

LI Characterizing cell types in terms of their location in a logical tree. The end-point 
position of any ceU-type on a cell-fate lineage tree is unique. This cell-fate tree is best 
viewed in terms of the number of differentiation stages necessary to transform an 
embryonic stem cell into any mature cell type in vitro. It may be represented by a 
number of digits, which can be made binary (for cases where the number of outcomes 
at a choice point is greater then two), reflecting the number of choice points. The 
mature C. Elegans, for example, has 959 cells, 350 of which are neurons. A sixteen-bit 
number would characterize every cell type. A germ cell is the result of five branching 
st^es (zygote ^ PI -» P2 -> P3 P4 -» germ cell); therefore the five high-order 
bits of the sbcteen-bit number characterize it. However, the detailed cell-fate lineage 
for mammals is not known. 

L2 Assigning provisional numbers to locus-specific cell types. 

L2.1 Phenotvpe as manifestation of intracellular factors. Cell types and their cell- specific 
proteins can be mapped, and numbered, before the detail lineage is discovered, and 
before the proteins themselves are identified. Organs, tissues, and locus-specific cell 
types are phenotypic manifestations of the constitutively expressed cell-specific 
proteins. Mapping and numbering the hierarchical organization of locus-specific cells 
amount to mapping and numbering the correlated cell-specific proteins. 

L2.2 Provisional hish-order numbers for known brain structures . For this reason, a 
provisional high-order number would be assigned on the basis of the following 
considerations. Known brain anatomy is a phenotypic manifestation of gene 
expression zones. Therefore brain nuclei would each be assigned a provisional two- 
digit decimal number. Each known subnucleus within a given nucleus would be given 
a lower-order two-digit decimal number. Similarly, in the cerebral cortex, 
cytoarchitecture is a phenotypic manifestation of gene expression zones. Thus, m the 
cortex, a numbering system similar to Brodmann area numbers would be used as 
provisional two-digit decimal number. 
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L2.3 The low-order positions u ni quely characterize a cell type . The cell-fate lineage tree 
can be viewed not as diverging from the common trunk, but also as converging from 
the end-branches to the main branches. This obviates the problem of not knowing 
lineage of cell-fates in detail, since it is the last differentiation stages the uniquely 
determine cell-fate. For example, a locus-specific cell in a cortical column of a 
submodaUty-specific area would thus have a number reflecting that locus. 

L3 The cell-type number characterizes its cell-specific proteins. A locus-specific cell 
type is a phenotypic manifestation of its protein specificity and function. For this 
reason, the number system for the position of a cell-type on the cell-fate lineage tree is 
also a number system for these attributes, including cell-specific proteins and location 
in the organism or brain. 

L4 Numerical representation of CELS proteins. 

L4,l Superscripts to indicate rank-order of locus-specific proteins . For the three levels of 
organization, the rank-order of CELS proteins have been designated P, P', and P", 
respectively. In the systematic mapping of cell-specific, and locus-specific, proteins 
numerical superscripts are used: P^ , ?\ P^, ...P". P^ designates "all other protein 
types," which include housekeeping proteins, excreted proteins, and proteins 
expressed only during development or transiently. 

L4.2 Representing the protein specificity of a cell type. In Section H3, the protein 
specificity of a cell was stated as Q P + P' + P*^, in order to simplify the presentation. 
With numerical superscripts the same formula is Q = P^ + P^ + P^. Consider the 
protein specificity of cone photoreceptors: 

Qi = P^ + P^ + Pi + P^ Long wave cone receptors 

P^ +P^ + Pm + P^ Medium wave cone receptors 
Qs P^ + P^ + Ps + P*^ Short wave cone receptors 

Qn = P^ +P^ + Pn +P^ Protein specificity n of any cone photoreceptor 
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Where, 

All other protein types that are also found elsewhere in the organism 

Proteins unique to a cone photoreceptor type (opsins) 
P^ Proteins common to cone photoreceptors 
P^ Proteins common to all photoreceptors (includmg rods) 

L5 A numbering system for elementary mental states, 

L5.1 Numbering submodalitv elements . The three levels of organization sensory elements 
form a natural basis for a three-part number system. The prefix Q identifies a number 
as representing an elementary mental state. The high order part represents the sensory 
modality. Thus, vision, hearing, touch, taste, and smell would be represented by Ql, 
Q2, Q3, Q4, and Q5 respectively. The second part of the number designates a 
submodality within a given sensory modality. The low order position represents the 
sensory element within a given submodality. Here is an example for numbering the 
basic colors and tastes. 



Modality Submodality Submodality elements 

Vision Basic color White Black Red Green Blue Yellow 
Ql QL8 Ql.8.1 Ql.8.2 Ql.8.3 QL8.4 Ql.8.5 Ql.8.6 

Taste Basic taste Sweet Salty Sour Bitter Umarai 

Q4 Q4.1 Q4.L1 Q4.1.2 Q4.1.3 Q4.L4 Q4.L5 

The modality of sound is Q2. The number of distinct pitch sounds a person with 
normal hearing can experience is about 3,075. If pitch were submodality Q2.1, then 
the discrete pitch would be designated Q2,l.l, Q2.L2, Q2.L3, ... Q2. 1.3075. 

L5.2 Numbering elementary mental states that are related to subcortical areas . Elementary 
mental states that do not have submodaUty-specific cortical areas, such as thirst or 
basic emotions, have one or two levels of organization. They would be represented by 
zero in the high-order part of the three-part number. 
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L5.3 General non-specific consciousness . Background consciousness is a single element 
within one level of organization. Its nximber therefore is QO.0.1 . 

L6 The relation ofL4 and L5 numbers. The number assigned an elementary mental state 
would map into the independently assigned number to the brain locus directly 
correlated with it. For exan:Q)le, the number assigned to the elementary subjective 
sensation of hght touch would map into the number assigned to the cortical area B Al . 

PART III. DESCRIPTION OF THE INVENTION 
M. Summary, Objects and Advantages 

Ml A conceptual discovery. The qualitative nature of an elementary mental state is 
prim^ily determined by the constitutively expressed locus-specific proteins of brain 
locus evoking it (Kl proteins), 

M2 Methods. The invention provides methods for identifying brain loci, and of 
constitutively e>q)ressed proteins specific to said brain loci, the deactivation of either 
said loci, or said proteins, selectively impairs the otherwise normal behavioral 
response to said stimuli. 

M3 Advantages. Identified said brain loci and said proteins provide the most selective 
targets for modulatiag the correlated elementary mental states, thus increasing the 
effectiveness, and decreasing the side-effects, of medical intervention. 
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N. List of drawings 

1/5 Prior art: The tabula rasa doctrine - The central misconception 

2/5 Primary and secondary modality-specific cortical areas 

3/5 Flowchart of overall identification method 

4/5 A flowchart of a method for identifying L in the mouse 

5/5 A flowchart of a method for identifying P in the mouse 

O. Overview of the identification method (Fig. 3) 

01 An outline of the identification method. Behavioral responses to stimuli are correlated 
first with subjective states, then with preferentially activated brain loci, and fmally 
with constitutively expressed proteins specific to these brain loci, as follows: 

01.1 Correlating behavioral responses with subjective states . Behavioral responses are 
correlated with JNDs within the same sensory submodality, to stimuU of constant 
intensity and duration. 

01.2 Correlatmg behavioral responses with brain loci. Part I . Preferentially activated brain 
loci are identified in the mouse using 2D-G, in the monkey using voltage sensitive 
dyes, and in humans using non-invasive brain imaging. 

01.3 Correlating behavioral responses with brain loci. Part II . Brain loci that manifested 
preferential activation in response to the external stimulus are deactivated. Brain locus 
whose deactivation selectively impairs the otherwise normal behavioral response to 
the external stimulus satisfies the correlation criterion. In humans, L' loci can be 
deactivated by means of transcranial magnetic stimulation at low frequency. 

01.4 Identifi/ing Kl proteins. Part I . Using protein chips to identify L' locus-specific 
proteins in slices of tissue samples from human brain bank; using persistent stimuli to 
amplify mRNA transcription of Kl proteins of L loci in mice during their postnatal 
critical period then using subtractive hybridization to identify these proteins and their 
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human homologues; Using databases to search for locus-specific proteins in identified 
brain loci 

01.5 Identifying K 1 proteins. Part IL Testing that deactivating the function of CELS 
proteins selectively impairs the otherwise normal behavioral response to stimuli. 

* DeUver vector with P antisense fragment to L, in non-hxmian primates 

* DeUver vector with antisense gene to L, activated by takmg tetracycline 

* Silencing the P gene using small interfering, double stranded, RNA (siRNA) 

* Create transgenic mouse with null mutation in P gene 

* Use antibodies in cases that P is a cell surface receptor protein 

* Deliver vector with P antisense fragment to L, in human subjects. 

01.6 Database operations . The identification procedure begins with a search of the K2 and 
Kl databases, and ends with updating these databases. 

02 The three levels of organization and the identification sequence. The focus of the 
invention is to identify the Kl protein correlates of elementary mental states, which 
are the lowest of the three levels of organization. The method follows a top-down 
approach to identifying brain loci and their Kl proteins: 

1. Modality-specific 

2. Submodality-specific 

3. SubmodaKty elements and other elementary mental states. 

04 Each identification stage can be implemented by alternative rec/z«iques. As spelled 
out below, in some cases proteins are identified from human bram tissue samples, and 
in others, by identifying first their mouse homologues. While each technique is more 
appropriate in some circxmistances, they are equivalent in identifying the same 
proteins, for which, at present, there is not alternative method. 
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05 L" and L ' cortical loci that remain to be identified. 

05.1 T." level exteroreceptor-related elementary mental states . The exteroreceptor-related 
modality-specific areas in the cerebral cortex are known. However, there is a 
question, which is the cortical modality-specific area for olfaction, because there are 
several non-contiguous olfaction-related cortical areas. The orbitofrontal cortex is the 
primary target for olfactory thalamic projections, and is, therefore, the modality- 
specific area for olfactioa Thus, of the three levels Usted above, the focus is on the 
second and then the first level of organization and their respective Kl proteins. 

05.2 L' level - exteioreceptor-related elementary mental states . The conceptual framework 
redefines Brodmann areas 1 and 2 from primary to secondary sensory cortical areas. It 
also excludes pain from being a submodality of the somatosensory cortex (Section 
F6.2). Visual area V8 is provisionally taken to be the submodality-specific cortical 
area for color. Secondary sensory cortical areas for olfection, taste, and pitch remain to 
be identified. 

05.3 L' level - Interoreceotor-related elementary mental states . Evidence indicates that the 
deactivation of the central nucleus of the amygdala selectively abolishes the 
behavioral fear response. Such an outcome satisfies our correlation criterion. The 
concepts and methods of the invention would be used to identify subcortical loci 
correlates of hunger, thirst, pleasure, pain, and other interoreceptor-related elementary 
mental states. 

06 Identification of Kl proteins as a diagnostic tool and as a therapeutic target. The 
diagnostic and therapeutic value of identifying the Kl proteins of a particular 
elementary mental state, such as pain, is clear. 

07 Construction of the Kl database. The systematic application of the invention 
culminates in con:q)letion of the Kl database. 
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P. Methods of identifying brain loci L in experimental animals (Fig. 4) 

PI Considerations relating to the use of experimental animals 

Pl.l The mouse as an e?q)erimental subject . The mouse may have about the same number 
of genes, but only about one-tenth of the brain-specific proteins, as humans. The three 
association areas (posterior, Umbic, and anterior) are where humans differ most from 
non-himian mammals. Additional important differences relate to perception, and some 
to sensations. The mouse, for example, is colorblind. But monkeys have cortical areas 
for color homologous to ours (Hadjikhani et al. 1998). The invention relates to 
identifying shared localized neural function, and then identifying CELS Kl proteins 
specific to these loci. 

PI. 2 Innateness and restricted stimulus. The environment of newborn mice should keep 
their responses uncontaminated by extraneous stimuli. In identifying the correlates of 
innate fern*, for example, conditioned fear cues should be minimized, and the stimulus 
enployed shoxdd evoke an innate response, such as abrupt loud noise or smell of cats. 
If the goal is to identify the correlates of basic taste, then exposure of newborn mice 
should be limited to one basic taste, mid information about other tastes blocked. If the 
goal is to identify the neural correlates of the sensation of light, it is necessary to 
exclude elements of the stimulus related to form, depth, and movement (and also of 
color in experimental animals with color vision). 

PI. 3 Training. For stimuli types where there is normally no externally observable response, 
the experimental animals are trained to exhibit stimulus-recognition behavioral 
response. Correct recognition is reinforced by reward, such as a pellet of food, and 
incorrect response by punishment, such as non-damaging electric current. 

P2 External stimuli for contrastive activation. An identical strain of mice is partitioned 
into two groups: Group A and Group B (depending on available &cilities, a larger 
number of groups may be used). Each group is then subjected to different external 
stimuli. The different stimuli are within the same sensory submodality. The 
difference between stimuH for the two groups should be made equal to, or greater 
than, the JND. A brain locus that does not manifest increased metaboUc, or evoked 
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potential, activity in response to a particular external stimulus is ruled out as being 
directly related to that external stimulus. 

P3 Identifying activated brain loci. Brain loci manifesting increased metabolic activity in 
response to the stimuli are identified by means of radioactively labeled glucose analog, 
2-deoxyglucose (2-DG) (Sokoloff 1984). Like glucose, 2-DG is taken up by neurons 
manifesting increased metabolic activity. Unlike glucose, 2-DG cannot be 
metabolized, and it remains in the cells that ingest it. Prior to exposing the animals to 
these stimuli, radioactive 2-DG is injected into the afferent neurons of the sensory 
modality under examination (the auditory nerve, for example). The animals are 
scarified, and their brains are subjected to autoradiography. The 2-DG identifies brain 
loci that manifested increased metabolic responses. Brain loci activated in Group A, 
but not in Group B is designated Lj; and loci activated in Group B, but not in Group A 
is designated Lk. 

P4 Invasive, non-destructive identification techniques. 

P4.1 Voltage sensitive dyes (Cinelli 2000) , Voltage sensitive dyes show activation 
gradients in the brain. This technique would be used in experimental animals such as 
the monkey for identification of Kl proteins for fonctions not found in the mouse, 
such as color vision. 

P4.2 Direct stimulus. The access to the brain involved in the use of voltage sensitive dyes 
would then be used for the application of direct stimulation of the brain loci that 
manifested increased metabolic activity. A brain locus that is activated in response to 
external stimuli is not correlated with the behavioral response, if its direct stimulation 
does not produce such response. Example: The somatosensory cortex is activated by 
external pain stimulus that elicits pain behavioral response. But direct stimulation of 
the somatosensory cortex does not ehcit pain response. Conclusion: The somato- 
sensory cortex is not directly correlated with pain. 
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P5 Identifying brain locus whose inactivation selectively abolishes response R. 

P5.1 Training animals to manifest beh avioral res ponse to external stimulus . A new set of 
animals is partitioned into Group A and Group B. Group A is trained to exhibit 
behavioral response Rj to stimulus Sj; and Group B is trained to exhibit response Rk 
to stimulus Sk. 

P5.2 Selective deactivation ^ A braia locus identified as activated in response to tlie 
particul^ external stimulus is then deactivated. The inactivation technique may consist 
of local surgical lesion, local application of neurotoxia (in non-human primates 
reversible deactivation would be used, such as local application of lidocaine. 

P5.3 Post-deactivation test . Group A mice, with brain loci deactivation in stage 05.2, are 
then presented with the external stimulus Sj, that normally is followed in them by 
behavioral response Rj. Lj is that brain locus whose inactivation selectively aboUshes 
behavioral response Rj. Animals in Group B are then subjected to external stimulus 
Sk. Rk is that brain locus whose deactivation selectively abolishes behavioral response 
Rk. 

Q. Methods for identifying P and P' in the mouse (Fig. 5) 

Q] Outline of the identification of P and P ' proteins by use of experimental animals, 

1 . Selectively amplify mRNA transcription of Kl proteins 

2. Using subtractive hybridization, isolate amplified mRNA/cDNA of Kl proteins. 

3. Deactivate function of P by delivering antisense fragments to L brain loci. 

Q2 Contrastive amplification of mRNA transcription. Mice in their postnatal critical stage 
would be partitioned into Group A and Group B. Group A is then subjected to 
persistent stimulus Sj; and Group B is subjected to persistent stimulus Sk. 

Q3 Subtractive hybridization to isolate P ' and P cDNAs, The protein specificity of brain 
locus L in Group A is Qj = Pj + P' + P^, and in Group B is Qk = Pk + P' + P^. Tissue 
samples are taken from Lj, Lk, and an area of L'' outside L'. The mRNA from these 
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samples is extracted, and then converted into cDNA using reverse transcription CPR. 
Taking cDNA samples from L' (Lj or Lk), and from outside L', and using subtractive 
hybridization would result in cDNAs found in both samples, the cDNAs, to 
hybridize. The P*^ cDNAs is removed. The, Lj and Lk samples are subjected to 
subtractive hybridization. P' cDNAs, that that is common to both, would hybridize. 
These P' cDNAs are then separated using agarose gel electrophoresis, and visualized, 
by stains such as ethidum bromide. The resulting bands of cDNA are extracted from 
the gel using recovery columns or phenol/chloroform extraction. These cDNA are 
then cloned and sequenced. The above procedure used to identify P' is then used to 
identify Pj cDNAs and Pk cDNAs, which remain unhybridized in the stage that P' was 
isolated. 

Q4 Alternative techniques for preventing the function of P. The initial embodiment 
utilizes P antisense to inactivate its ftmction. Where P is a cell surface receptor, it may 
be inactivated by antagonist ligand (e.g. naloxone, for some receptors in nucleus 
accumbens), or by monoclonal antibodies (e.g. drug Herceptin, the breast cancer 
drug). Some lipid vectors can pass through the cell membrane. Packaging antibodies 
in such a lipid vector could be used where P is intracellular. P genes can also be 
reversibly silenced. In all cases that P inactivation is the result of the interference with 
the synthesis of P, the effect is delayed until existing, ftinctional P proteins are 
degraded during protein turnover. Eliminating the function of P by site-directed 
mutagenesis would be primarily used for drug development and gene therapy, rather 
than for identification. 

Q5 Inhibiting the translation of P mRNA by means of antisense fragments. The initial 
technique of inactivating the function of P involves the delivery into L of P antisense 
fragments, thus impairing or inhibiting the synthesis of P proteins. This technique has 
undergone rapid development recently in connection with its potential use in gene 
therapy. A protocol simile to the one developed by Demenix et al. (2000) would be 
used 
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Q6 Inactivation ofPj, to confirm that behavioral response Rj is selectively impaired. The 
delivery of any P' RNAi common to coliunns in the submodality-specific area L' 
would impair or suppress the R' response. The delivery of any P RNAi to L would 
selectively impair or suppress only the corresponding R response. For example, if the 
delivery of RNAi to column L in the submodality-specific area for basic taste results 
m the suppression of only a single type of R response (such as response to a sweet 
taste stimulus), then RNAi is of a P protein unique to sweetness. If, however, the 
effect is the suppression of Rl, R2, R3, R4, and R5 responses - loss of sense of taste 
to all taste responses - then RNAi suppresses a P' protein common to all columns that 
evoke taste in the gustatory cortex. After Pj cDNA is isolated and sequenced, 
antisense fragments are constructed and introduced in vivo into L. The mRNAi would 
impair Pj synthesis, and after a period of protein turnover, this would inactivate brain 
locus Lj. The mactivation of Lj, in turn, would abolish behavioral response Rj to an 
external stimulus. The identification of Pj is confirmed if the introduction Pj mRNAi 
into Lj abolishes behavioral response Rj, but not any related behavioral response Rk. 

Q7 Down-regulation and inactivation. Once identification of CELS proteins has been 
confirmed, the techniques where inactivation is an end-point of down-regulation can 
then be used to down-regulate activity for therapeutic purposes. 

R. Identifying CNS correlates of elementary mental states in human subjects 

Rl Overview. With time, an increasing number of Kl proteins would be in the K2 
database of CELS proteins in the brain. After periodic update of K2 database, it 
would be searched for the brain locus of interest and its correlated Kl proteins. If not 
found in the database, L loci would be identified by non-invasive brain imaging. Kl 
mRNA in L loci would then be identified from brain tissue slices. In cases when the 
specific tissues are not available, their mouse homologue would be identified first. 
Confirmation of the identification of Kl proteins by their deactivation would be made 
first in animals. The deactivation would be accomplished by using methods such as 
vectors with antisense fragments, or by the reversible activation of ligand-regulated 
e5q)ression of an antisense gene, using ligands such as tetracycline. 
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vectors with antisense fragments, or by the reversible activation of ligand-regulated 
expression of an antisense gene, using ligands such as tetracycline. 

R2 Using non-invasive methods to identify some L ' loci in human subjects. 

R2.1 Cortical L' areas . First, secondary sensory cortical areas for olfaction and taste would 
be identified by use of non-invasive brain imaging of activated areas between the 
primary sensory cortical areas and the posterior association areas. Next, L' loci within 
the secondary sensory areas would be identified by their preferential activation to 
external stimuli corresponding to different submodality elements within that 
submodality. For exan:5)le, there are several tonotopic maps in the secondary auditory 
cortex. The tonotopic map specific to pitch is a second^ auditory sensory area that 
satisfies the identification criterion: It would manifest preferential activation in 
response to monaural stimuli of air vibration corresponding to any particular pitch. 
The direct electrical stimulus of that area would elicit the auditory sensation of simple 
pitch. Finally, the inactivation of any part of that tonotopic map would produce 
deafiiess to the corresponding part of the pitch range. Using non-invasive brain 
imaging would identify areas between the primary sensory area and the posterior 
association areas as secondary sensory cortical areas. Similarly, the submodality- 
specific area for basic tastes would be identified within the gustatory cortex, by 
detecting loci preferentially activated in response to stimulus consisting of one 
elementary taste-producing substance, such as sugar or salt. 

R2.2 Subcortical L' areas . The identification criterion of selective inactivation needs to be 
systematically applied to various subcortical loci known to be associated with 
subjective states. The central nucleus of the amygdala, for example, has been 
associated with the basic emotion of innate fear. This needs to be confirmed by 
finding whether its inactivation selectively aboUshes the innate fear behavioral 
response. 

R3 Identifying CELS proteins in human subjects directly. Human Kl proteins would be 
identified from tissue samples of brain locus L, either directly, or from their mRNA 
expression. 
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R3,l The direct identification of proteins . Direct identification would be performed on 
tissue samples fi"om a brain bank (such as Harvard Brain Bank). Proteins would be 
separated by use of 2D gel electrophoresis, and identified by means of mass 
spectroscopy (Klose 1999). 

R3.2 Identifi^ing proteins through their mRNA expression . Kl proteins of cortical columns 
of secondary modality-specific areas would be identified fi*om their mRNA expression 
in brain tissue samples obtained from stillborn or aborted fetuses. The modality- 
specific differentiation of the cerebral cortex takes place during the third trimester. 
Column-specific proteins would be identified by subtractive hybridization of third 
trimester tissue samples from second trimester tissue samples. Low abundance 
proteins would be more effectively identified using the high selectivity of antibodies, 
by techniques such as ph^e display (Kay et al. 1996), or aptamers (Hermann and 
Patel2000). 

R4 Four sources of identified Kl proteins. The identified Kl proteins would come from 
several different sources: Those identified in the K2 database; those identified directly 
from human brain tissue samples; those identified from fetal mRNA; and those 
identified from the model animal. These would include a percentage of false positives. 

R5 The selective impairment of behavioral response R' by deactivating P\ The 
introduction of P' antisense fragments into L' would aboUsh the function of brain loci 
L', and selectively abolish behavioral response R'. For example, where P' is a protein 
common to the eight types of columns in visual area V5, its inactivation would result 
in akinetopsia, or motion blmdness. Light touch, a sensory submodality represented 
by Brodmann area 1, has just a single member. Therefore P' = P. Transgenic animals 
with dysfunctional P will manifest no behavioral response to stimuU of light touch on 
the surface of their bodies. 

R6 Updating the K2 and Kl databases. K2 and Kl databases would be regularly updated 
with newly identified Kl proteins. 
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PART IV, CONCLUSIONS, ABSTRACT AND CLAIMS 
S* Conclusions, ramifications, and scope of the invention 

51 The conceptual framework applies to celliilar function in general. For example, one 
problem related to extended weightlessness is the loss of muscle and bone tissue. 
NASA is experimenting with centrifuges - a sub-optimal solution - to address this 
problem. Information about gravitation (and about the orientation of the body in space 
- the vestibular sense) is a result of transduction by distal sensory receptors, and is, 
therefore, contingent, rather than necessary (Section G2). Thus, proximate causes of 
the response of the cells to gravitation can be identified and provided in the absence of 
gravitation. 

52 The conceptual framework shifts the causal locus of neural fimction from intercellular 
to intracellular. What applies to fimction also applies to dysftmction: Intercellular 
manifestations of neuronal diseases are symptoms - inhibiting them would not 
constitute a cure. Consider, for example, Alzheimer's disease. It is characterized by 
intercellular accumulation of plaque. The March issue of Technology Review (Garber 
2001) reports that neuroscientists currently presume that the cause of Alzheimer's is 
its intercellular manifestation. As such, they are developing beta-secretase inhibitors to 
combat these manifestations. But if the cause of Alzheimer's were intracellular, then 
combating its kiterceUular manifestation would not constitute a cure. Similar analysis 
applies to migraine. Migraines, which in the past were considered to be of vascular 
origin, are now considered to be due to intercellular function of neurotransmitters. 
There is no question that neurotransmitters play a role. But both the origin and the 
target of neurotransmitters are intracellul^ events. In both Alzheimer's as well as 
migraine, an effective drug would affect the intracellular cause of the dysftmction, as, 
for example, by modifying transcriptional regulation. 

53 Perception and cognition involve pattern generation and recognition. Columns in the 
anterior inferotemporal cortex that are specific to basic visual forms (Fujita 1992) 
involve pattern generation and recognition mechanisms. Identifying their molecular 
correlates, as well as those of columns in Brodmann area 39, which are related to the 
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innate sense for numbers (Dehaene 1997) would complement the present focus on 
interconnectivity and interactivity in the study of perception and cognition. 

54 The conceptual framework makes it possible to determine homology between the 
neural correlates of elementary mental states of humans and other species (and in turn, 
to identify the evolutionary stage at which a given elementmy mental state emerged), 
facilitating the development of psychogenic drugs by testing them first on 
experimental animals. 

55 It takes a fraction of a second between the presentation of an external stimulus and the 
resulting mental state. In addition, the number of pitch elements indicates that Kl 
proteins must meet a certain diversity requirement. This twin characteristic of Kl 
proteins excludes most protein types in the cell. If an attribute is foimd that sets Kl 
proteins apart from other CELS proteins in the brain, then the Kl database can be 
extracted from the K2 database under program control 

56 In order to fecilitate explanation of the invention, the examples given are of sensory 
elements. As it would be evident to those skilled in neuroscience and molecular 
biology, the concepts and methods apply equally to elementary mental states related to 
subcortical areas. 

57 Consider the task of identifying the Kl protein correlates of pain. For the tabula rasa 
neuroscientist, pain is conveyed to the CNS from the PNS, while a neuroscientist that 
subscribes to the computer model of the brain would deny that pain, as any other 
mental state, can possibly have unique neuroanatomic correlates. These two 
entrenched misconceptions explain, in part, the absence of effective pain medication. 
The methods provided by the iuvention apply to pain as to any other elementary 
mental state. The identified loci and their locus-specific proteins provide highly 
focused targets for modulation. Combined with available techniques of psychophysics, 
neuroscience, and molecular biology, it would improve the efficacy of developed 
drugs, while reducing their side effects. 
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S8 A conceptual note regarding regulating elementary mental states by modulating the 
function of Kl proteins: Products engineered by human beings typically have a 
control element that can be tximed up or dovra. Regulation in living organisms, in 
contrast, involves a double control system. The faucet, for example, is provided for 
the regulation of the water level in a bathtub. A biological system, in contrast, would 
typically provide, in addition, regulation of the water outflow. Consequently, water 
level can be maintained near a given set-point by either controlling water inflow, 
outflow, or both. This fact makes it possible to modulate Kl proteins by action on 
either part of the control system. 
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